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Tetraphenylcyclopentadienone 1 (TPCD) displays (4+2) periselectivity in thermal reactions with
ethyl penta-Z, 3-dienoate 2a and ethyl hexa-2, 3-dienoate 2b, and adds non-regioselectively to both the
1r-bondsof allenic esters. Decai:bonylation of (4+2) cycloadducts under reaction conditions affords ethyl
6-ethyl!propyl-2, 3, 4, 5-tetraphenylbenzoates 3a,b, ethyl (6-methyl!ethyl-2, 3, 4, 5-tetraphenyl)phenyl-
acetates 4a,b and 2, 3, 4, 5-tetraphenyl-l-ethoxycarbonylmethylene-6-methyl!ethyl-cyclohexadienes
5a,b. However, (4+2) cycloadducts of TPCD with allenic esters 2a,b, i.e. 2-exo-ethoxycarbonyl-3(E)-
alkylidene-L, 4, 5, 6-tetraphenyl-bicyclo[2.2.1 ]hept-5-en-7-ones 6a,b have also been isolated and
characterized. These (4+2) cycloadducts ofTPCD with allenes have been isolated for the first time. The
1:2 cycloadducts 7a,b derived form (4+2) cycloaddition of TPCD to dimers of allenic esters have been
obtained as minor products. The results are rationalized in terms of frontier orbital characteristics of
addends and steric factors.
Allenes have been recognised as valuable synthons
and are being increasingly involved in organic
synthesis, mostly through a cycloaddition step'.
However, allenes in general are poor dienophiles
due to lack of donor acceptor complementarity
(having a high lying LUMO/ and competing facile
thermal (2+2) cyclodimerizations of allenes'; as a
consequence (4+2) cycloadditions of allenes have
received lesser attention as compared to their
olefinic counterparts. Recently, considerable
efforts 10,4 have been made at understanding the
chemoselectivities (peri-, regio- and stereo-
selectivities) in cycloadditions involving allenes
and various dienes/trienes; varied strategies are
now being evolved to enhance the dienophilicity of
allenic systems':'.
We have presently investigated the thermal
cycloadditions of tetraphenylcyclopentadienone 1
(TPCD) to two allenic esters, i.e., ethyl penta-2, 3-
dienoate 2a and ethyl hexa-2, 3-dienoate 2b. The
studies were of interest because TPCD falls in the
category of dienes with a low lying HOMO as well
as LUMO and as such reacts with comparable
efficacy with both electron-donating or electron-
withdrawing substituents bearing dienophiles"; it
reacts relatively slowly with dienophiles lacking
any of the above types of substituents. On the other
hand, allenic esters 2a,b possess two differently
substituted n-bonds and their frontier orbital
characteristics were anticipated to be different.
Also, the influence of stringent steric factor, due to
the presence of bulky phenyl groups on the diene,
on stereochemical outcome in adducts was of
considerable interest because of our earlier
recorded observations 10.4 that steric factors
determine the approach of diene to a particular
face of allenic dienophiles (x-facial selectivity).
Pasto had investigated" the thermal cycloadditions
of TPCD to some alkyl substituted allenes as a part
of his efforts at delineating the mechanism of
thermal (2+2) cycloadditions of allenes. However,
decarbonylation of adducts, leading to aromatized
products, had prevented from arriving at any
conclusions regarding influence of steric factors on
stereochemical outcome in adducts.
Results and Discussion
Thermal reaction of TPCQ 1 with allenic esters
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2a,b was carried by heating their equimolar
benzene solution in a sealed tube, in a furnace at
150°C, till the violet colour of TPCD disappeared
(48 hr). The tubes were chilled, opened and
resultant mixture of products (TLC) was resolved
chromatographically to obtain various compo-
nents, among which compounds 3-7 (cf. Scheme I)
have been characterised on the basis of rigorous
spectroscopic analysis.
Structures assigned to compounds 3a,b are
based on their UV, IR, IH NMR and mass spectral
data. The observed M+ ions in the mass spectra of
3a (at rnIz 482) and 3b (at rnIz 496) indicated that
these are derived from the decarbonylation of
initial 1:1 adduct of TPCD with respective allenic
esters. In the IR spectra these compounds
displayed bands at -1725 cm', characteristic of
conjugated ester carbonyl. In the IH NMR
spectrum compound 3a revealed aromatic protons
as two 10H multiplets and the protons. of ester
(7)
Scheme I
function appeared as a quartet at 84.04 and a
triplet at 1.22. Appearance of another 2H quartet at
82.50 (CI·-Hs) and a triplet at 0.81 were critical
for assignment of structure 3a. Structure of
compound 3b has been similarly established on the
basis of IH NMR spectral data.
Compounds 4a,b gave M+ ion peaks at rnIz 482
and 496, respectively in their mass spectra, and
displayed unconjugated ester carbonyl bands in
their IR spectra (4a: 1736 cm' and 4b: 1735 cm'),
The assigned structures are based, inter alia, on
their IH NMR spectra, wherein both the
compounds displayed a 2H broad singlet (at 83.46
in 4a and at 83.52 in 4b) attributed to CI.-Hs; rest
of the IH NMR spectral features "were in
consonance with the assigned structures.
Compounds 5a and 5b were contaminated,
respectively, with 4a and 4b; whereas 5a could be
purified upto 90% purity, 5b was analysed as a 2: 1
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mixture with 4b. Compound 5a revealed a
conjugated ester carbonyl through a band at
1722 cm'. Besides the aromatic protons and the
protons of ester function, its IH NMR spectrum
revealed a lH quartet at 03.75 (C6-H) which was
coupled to a 3H doublet at 00.98 (C6-Me). Its
mass and UV spectral data corroborated the
assigned structure. Compound 5b was obtained
only in mixture with 4b and the structural
conclusions with regard to it are based on the IH broadened (tending to split) quartet at 05.63
NMR spectrum of the mixture (vide indicating the presence of CH3CH= moiety.
Experimental). The stereochemistry at the Upfie1d part of the spectrum displayed methylene
exocyclic bond in 5a,b could not be ascertained . protons of ester function (overlapping quartets at
because the CI'-H resonance overlapped with 04.32-3.95), two more overlapping quartets in the
aromatic proton multiplet. However, absence of region 03.64-3.45 (CwH, Jlo,13=6.6Hz), a multi-
multiple resonances for the protons of ester p1et at 03,24 (lH, C2-H, J9 1O~4.32Hz),and a
~ction, C6-~ and C6-a1ky1grou~s indicates a singlet at 02.92 (endo -C
2
-H);'further upfie1d part
smgle geometnc arrangement a; ~-l '.. of the spectrum was in consonance with the
Compound 6a showe~ M ion In Its mass assigned structure. However, the mass spectrum of
spectrum at ~z 510 w~lch corresponded to 1:1 7a revealed the highest peak at rnJz 563 which
ad~uct of 1 WIth2a: An ~mpo~nt spectral feature. corresponds to M+-73 (C0
2
Et) mass units and the
which led to the identification of 6~ as (4+2): next peak appeared at rnJi 562 [M+-74 (C0
2
Et,
cycloadduct was a carbonyl band In the IR, H)]' rest of the fragmentation pattern was relatable
spectrum at 1768 cm-~I(C7=~Yf.S;ester carbonyl to ~he assigned structure. The stereochemistry
appeared at. 1730 em . Its H ~ spectrum· around C
9
-CIObond appears to be trans and both
revealed, besides the protons of aryl nngs and ester geometric arrangements at C_13cf.4b,9 are present.
function, a IH broad quartet at 05.57 (Cs-H) Compound 7b has been similarly identifi~d as 1:2
which was coupled with a broad doublet at 01.70 adduct, though, here again the highest peak in the
(Cs-Me). The chemical shift value ofC2-H (03.16) mass spectrum was present at rnJz 590 which cor-
and IR frequency of ester carbonyl indicates its responds to M+-74.
endo-orientation (exo-C2-C02Etyf.8,la,4c. Again the' The (4+2) cycloadducts 6a,b of TPCD with
IH NMR spectroscopic data indicated a single allenes have been isolated and characterized for
geometric arrangement of exo-cyclic double bond. the first time. These are the adducts involving C2-
Though, the spectroscopic data for alternative C3-7r bond of allenic esters 2a,b. Similarly,
geometric arrangement was not available, the cyclohexadiene derivatives like A (corresponding
assigned stereochemistry is based on consi- to 5a,b), derived from the decarbonylation of 6a,b
~d' d'b d li 1a,4a-c Sa Stru tur Ierations escn e ear ter '. c a have not been detected, probably, due to higher
assignment of6b has been similarly achieved. lability of C6-H in A. That such a proton shift in
Compound 7a exhibited carbonyl bands in its IR cyclo-adducts of allenes is an acid catalysed, non-
spectrum at 1771 (C7=O), 1732 and a shoulder at concerted, addition-elimination process, has been
1725 cm'"; the band at 1771 em" in the present well established in case of (4+2) cycloadducts of
case was characteristic of bicyc10[2.2.1]hepten-7- cyclopentadiene with phenylsulphonyl allene".
one moiety and indicated that TCPD has added in a Formation of 1:2 adducts has also been observed
(4+2) manner. In the IH NMR spectrum the earlier in case of additions to allenic systems at
aromatic proton resonances were present as two higher reaction temperatures".
multip1ets integrating for eight and twelve protons, As per our earlier recorded observations, dienes
and this pattern was identical with that of 6a. In like furan, 2-methylfuran, cyclopentadiene, and
the olefmic region of the spectrum, 7a displayed a tropone add regiose1ective1yto only C2-C3-7r bond
4 3 2 I
RCH=.=CHZ
(A) (B)
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of allenic esters, and display very high tr-facial
selectivity'v" However, in the present case both
the n--bonds are involved in cycloaddition to a
comparable extent and reactivity is low (no
cycloaddition occurred on refluxing addends in
benzene). If one tries to approximate the frontier
orbital energies of the two n--bonds of substituted
allenes like B, on the basis of reported" influence
of alkyl and various electron-withdrawing substi
tuents on frontier orbital energies of the two n-
bonds of allene (taking net effect as sum of
individual substituent effects and ignoring any
effect of 1,3-disubstitution), the HOMO's of two
n--bonds are expected to have comparable energy
(HOMO of C2,3-n--bond is calculated to be lower
than HOMO of C3,4-n--bond onlyby -0.09 eV for
R=rnethyl and Z=formyl), whereas LUMQ of C2 3-
n--bond is lower that that of C3,4-n--bond (-0.47 eV
for R=rnethyl and Z=formyl).
This difference in energies is probably sufficient
for regioselective addition of dienes of first
category" like furan, 2-methylfuran, cyclopenta-
diene to C2,3-n--bond of allenic esters, particularly,
when the reactivity is also high, and lower reaction
temperatures are required. However, this
difference in the energies of LUMOs is insufficient
for any regioselective addition in case of reaction
with a diene like TPCD6, particularly, at high
reaction temperature; in the present case LUMOs
of allenic esters may not be necessarily involved in
these cycloadditions. With a symmetrical diene
like TPCD it was not possible to decide about the
predominant frontier orbital interaction. Low
reactivity (higher reaction temperature) itself is a
consequence of lower stabilization of transition
state by frontier molecular orbital interactions"
and may also have contributions from the
unfavourable steric factors.
The available spectroscopic data indicate a
single geometric arrangement at C\,-H in 5a,b
though, precise geometry could not be ascertained.
Similarly, the geometry at exocyclic double bond
in 6a,b in the absence of alternative geometric
arrangement could not be settled unequivocally;
however, the observed low values of long-range
couplings involving CrH, C8-H and C8-alkyl
hydrogens is indicativc'v' of geometry-E at C-8




consonance with reported 1,4 and anticipated' st-
facial selectivities in cyclo-additions to allenic
systems for reasons rationalized in Scheme II. The
exo-orientation at C-2 in 6a,b is again a
consequence of higher reaction temperature,
keeping in mind the low energy difference between
exo- and endo-transition states". Moreover, in
cyclopentadienone derivatives the contribution of
steric factors to endo-selectivity is reported to be
further reduced relative to cyclopentadienes",
Though, the stereochemistry at the spiro-carbon
(C-3) in 1:2 adducts 7a,b is not assigned, however,
the obtained adducts are derived from (4+2)
cycloaddition of TPCD to most abundant cyclo-
dimers anticipated from allenic ester 2a,b
.dimerization':".
Synthetically, the thermal addition of TPCD to
allenic system can find application in case of
symmetrically substituted allenes, wherein, after
complete decarbonylation and aromatization,
tetraphenyl-substituted benzene derivatives can be
obtained. For instance reaction with dialkyl allene-
1, 3-dicarboxylate would give tetraphenylhomo-
phthallic acid ester.
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Experimental Section
General. 'Electronic absorption spectra were
recorded on a Shimadzu-160A UV -Visible spec-
trophotometer. Infrared spectra of solid samples
were recorded as pellets with KBr and those of
semi-solids as a thin film obtained with few drops
of CHCI3, on a Shimadzu-81 °1 M FTIR spec-
trophotometer. NMR spectra were recorded on a
Brucker-AC 200F spectrometer (200 MHz) in CCl4
(with a coaxial sealed capillary containing D20 forI
locking) and CDCl3 solvents, using TMS as inter-
nal standard. Mass spectra were recorded on a
Jeol- VG-70-S mass spectrometer at RSIC,
Chandigarh. All melting points (0C) are uncor-
rected.
4a: An off white solid, yield 100 mg (21.3%),
m.p. 96°C; UV (MeOH): 236 and 264 nm; IR
(CHCI3): 3080, 3060, 3000, 2980, 1736.1 (C=O),
1620, 1580, 1530, 1440, 1360, 1330, 1300, 1180,
1100,1065 & 1025 cm'; IH NMR (CC14); 87.15-
6.90 (m, 10H, Ar-Hs) , 6.80-6.69 (m, 10H, Ar-Hs),
4.10 (q, 2H, J~7.24Hz), 3.46 (bs, 2H, C1.-Hs), 2.06
(bs, 3H, Me), 1.20 (t, 3H); MS: mlz 483 (2%;
M++1), 482 (7, M+), 436, 409, 394, 379, 365, 352,
331,317,302,289,279,263,239, i23, 205, 197,
167, 150, 149 (100), 132, 116, 102, 101, 92, 82,
77,76,71,69,65,57,56,55.
5a: An off white solid, yield 60 mg (12.8%),
m.p. 65°C; UV (MeOH): 238, 262 and 280 nm; IR
(CHCI3): 3025,1722 (br, C=O), 1620, 1600, 1580,
1520, 1500, 1486, 1440, 1370, 1260, 1150, 1070,
Thermal reaction of tetraphenylcyclopenta- 1020, 920, 860, 740 and 720 cm'; IH NMR
dienone 1 with ethyl penta-2, 3-dienoate 2a. (CCI4): 87.00 (m, lOH, Ar-Hs) , 6.85-6.60 (m),
Ethyl penta-2, 3-dienoate4d 2a (500 mg) and 4.00 (q, J=7.10Hz), 3.75 (q, 1H, J=6.8Hz), 1.20 (t,
TPCD13 1 (1.476 g) were dissolved in dry benzene 3H), 0.98 (d, 3H, J~6.8Hz); MS: mlz 482 (2%,
(10 mL) in a pyrex glass tube which was cooled, M+), 409,393,331,306,296,279,264,256,241,
purged with dry oxygen-free nitrogen for five 232, 223, 213, 205, 195, 185, 177, 167, 150, 149
minutes and sealed. It was heated at 150°C .in a (100), 145, 139, 129, 121, 105, 104, 101, 98, 97,
furnace till the colour of TPCD disappeared (48 .95, 93, 91, 87, 85, 83, 77, 76, 71, 70, 69, 67, 65,
hr). The tube was then chilled, opened and the 59,58,57,56,55.
crude residue obtained on evaporation of solvent 6a: A yellowish solid, yield 120 mg (24%), m.p.
was loaded on a silica gel column (60-120 mesh, 72-73 °C; UV (MeOH): 238 and 278; IR (CHCI3):
40 g, column packed in pet. ether). Elu!ion with 3020, 3000, 2980, 2880, 2860, 1768 (C=O), 1730
pet. ether-benzene gradient, followed by (-C02Et), 1600, 1520, 1486, 1425, 1410, 1370,
chloroform and chloroform-methanol gradient 1350, 1220, 1080, 920, 880, 860 cm'; IH NMR
afforded various components some of which were (CCI
4
): 87.27-6.95 (m, 8H, Ar-Hs) , 6.89-6.82 (m,
further purified by preparative layer chromato- 4H, Ar-Hs), 6.76-6.60 (m, 8H, Ar-Hs), 5.57 (q, IH,
graphy to obtain the following products. J~6.46Hz), 4.12 (q, 2H, J=7.08Hz), 3.16 (bs), 1.70
3a: A faint yellow solid, yield 90 mg,(19.2%), (sp d, 3H), 1.22 (t, 3H, J~7.08Hz); MS: mlz 510
m.p. 85°C, Rr 0.6 (CHCI3); UV (MeOH): 245 and (2%, M+), 497, 496, 482, 481, 467, 466, 458, 453,
272 nm; IR (CHCI3): 3040, 3020, 2990, 2900, 446, 438, 437, 420, 419, 410, 409, 393, 376, 363,
2800, 1725.6 (C=O), 1600, 1520, 1470, 1425, 315, 303, 302, 289, 287, 279, 267, 255, 247, 239,
1376, 1205, 1100, 1040, 929, 850, 840 and 750 233, 223, 221, 219, 211, 205, 197, 182, 167, 150,
cm'; IH NMR (CCI4): 87.16-6.97 (m, 10H, Ar- 149 (100), 141, 137, 127, 125, 113, Ill, 109, 105,
Hs), 6.78-6.64 (m, 10H, Ar-Hs), 4.04 (q, 2H, 97, 91, 85, 83, 81, 77, 75, 71, 69, 68, 67, 57, 55,
J=7.16Hz, -O-CH2-), 2.50 (q, 2H, J~6.84Hz, C1·- 53.
-O-CH2":"'), 2.50 (q, 2H, J~6.84Hz, Cl'-Hs), 1.22 (t, 7a: A yellow solid, yield ~50 mg (8.2%), m.p.
3H), 0.81 (t, 3H, J=6.84 Hz); MS: mlz 384 (3%, 65-78 °C; IR (CHCI3): 3080, 3020, 2980, 2880,
M++2), 483 (9, M++l), 482 (22, M+), 452, 424 2800, 1771 (C=O), 1732 with a sh at 1725 (ester
(M+-2x29), 409 (M+-73), 408,394,393,379,365, carbonyl), 1600, 1580, 1540, 1443, 1360, 1340,
350,339,331,330,317,315,302,289,276,265, 1250, 1230, 1190, 1154, 1126, 1045, 1028, 770,
252,223,215,205, 167, 158, 150, 150, 149 (100), 735 and 698 cm'; IH NMR (CC14): 87.45-6.92
132, 121, 115, 105, 104, 93, 91, 83, 77, 76, 69, 57, (m, 8H, Ar-Hs), 6.88-6.50 (m, 12H, Ar-Hs), 5.63
56,55. (broad, q, 1H, J=6.46Hz), 4.12 & 4.08 (over-
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lapping qs, J-7.24Hz), 3.64-3.45 (m, overlapping
qs, J-6.6Hz), 3.24 (b doublet, J-4.32Hz), 2.92
(singlet), 1.63 & 1.57 (split ds, 3H, J-6.5Hz), 1.25-
0.88 [complex multiplet (overlapping ts and
doublet)]; MS: rnIz 563 (2%, M+-73), 562 (5,
M+-74), 516, 500, 496, 489, 481, 475, 466, 460,
453,452,437,431,419,409,378,363,333,332,
317, 305, 304, 303, 291, 286, 275, 269, 263, 259,
24~ 241, 231, 223, 222,213, 211, 197, 19~ 179,
178, 177, 167, 165, 155, 149, 144, 143, 139, 137,
128, 122, 115, 113, 112, 106, 105 (84), 101, 99,
98,97,91,85,81,77,73,71,70,69,67,59,58,57
(100),56,55,54,51.
Thermal reaction of tetraphenylcyclopentadi-
enone 1with ethyl hexa-2, 3-dienoate 2b. Ethyl
hexa-2, 3-dienoate4d 2b (500 mg) and TPCD 1
(1.647g) were reacted in a sealed tube under
identical conditions as above for 48 hr. Column
chromatographic resolution of the product mixture
over a silica gel column afforded the following
products.
3b: A light yellowish semisolid yield -100 mg,
(17%); IR (CHCI3): 3000, 2800, 1725 (-C02Et),
1620, 1600, 1580, 1520, 1500, 1440, 1420, 1370,
1340, 1320, 1300, 126~ 1180, 110~ 1060, 1030,
840, 760, 740, 700 cm'; IH NMR (CCI4): 57.18
(m, 10H, Ar-Hs), 6.75 (m, 10H, Ar-Hs), 4.08 (q,
2H, J=7.24 Hz , -O-CHe), 2.56 (split triplet, 2H,
CI·-Hs), l.67 (m, 2H), 1.22 (t, 3H, J-7.24 Hz),
0.78 (t, 3H, J-6.60Hz); MS: rnIz 497 (3%, M++l),
496 (7, M+), 481, 466, 453, 452, 447, 446, 437,
430, 419, 412, 409, 393, 385, 378, 363, 357, 348,
333,332,319,317,311,305,304,303,302,291,
287, 276, 275, 263, 260, 259, 258, 247, 245, 241,
239, 237, 235, 231, 223, 215, 213, 203, 201, 195,
189, 187, 185, 173, 171, 169, 167, 159, 157, 149,
145, 141, 129, 128, 115, 105, 101, 98, 97, 95, 91,
83, 81, 79, 77, 71, 70, 69, 67, 65, 60, 59, 58, 57,
56,55 (100),54,53,52,51.
4b: A yellowish solid, yield 120 mg (25%), m.p.
106°C; IR (CHCI3): 3000, 2800, 1735.4 (C=O),
1600, 1580, 1500, 1440, 1390, 1370, 1340, 1320,
1300, 1260, 1240, 1180, 1160, 1100, 1060, 1030,
800, 760, 740, 700, 530 cm'; IH NMR: 57.17-
6.92J~ 10H, Ar-Hs), 6.82-6.67 (m, 10H, Ar-Hs),
4.10 (q, J=7.24Hz), 3.52 (bs, 2H, Cl'-Hs), 2.56 (m,
2H), 1.17 (t, 3H, J=7.0Hz), 0.80 (t, 3H, J-6.45Hz).
5b: A faint yellow semisolid, yield -60 mg
(12.4%), obtained in mixture with 4b (2:1); IH
NMR: 57.28-6.88 (m, 10H, Ar-Hs), 6.82-6.60 (m),
4.20-3.90 (m, overlapping qs), 3.58 {t, 2H,
J=6.42Hz, C6-H), 3.52 (bs), 3.45 (t, 2H,
J=6.40Hz), 2.56 (m), 1.46 (m, C6-CH2-), 1.19 and
1.17 (overlapping ts), 0.96 (t, 3H, J=6.45Hz), 0.78
(t).
6b: A faint yellow solid, yield -90mg (17.6%);
IR (CHC13): 3040, 3020, 3000, 2980, 2900, 1768,
1728, 1600, 1570, 1520, 1500, 1480, 1440, 1420,
1400,1360,1320,1220,1030,980,920,860,820,
750 cm "; IH NMR (CDCI3): 57.26-6.88 (m, 8H),
6.85-6.63 (m, 12H), 5.48 (sp t, IH, J-6.4Hz), 4.09
(q, 2H, J-7.16Hz), 3.16 (m, IH), 2.14 (split
quintet, 2H, J-6.6Hz and 0.98Hz), 1.25 (t,
J-7.16Hz), l.11 (t, 3H, J-6.6Hz); MS: rnIz 524
(2%, M+), 497, 496, 495, 481, 479, 466, 452, 446,
437,424,423,410,395,394,393,379,363,345,
339, 329, 317, 315, 302, 289, 279, 267, 252, 239,
223, 215, 205, 192, 191, 178, 167, 165, 158, 149,
141, 130, 122, 115, 113, 106, 105 (100), 101, 97,
91, 85, 8~ 83, 77, 71, 70, 69, 67, 65, 59, 58 (951
57,55,51.
7b: A white solid, yield -50 mg (7.8%), m.p.
98°C; IR (CHCI3): 3040, 3020, 3000, 2900, 2860,
2820, 1763 (broad) with a sh at 1725, 1620, 1580,
1520, 1470, 1420, 1390, 1330, 1250, 929, 850,
830 cm'; IH NMR (CCI4): 57.35-6.96 (m, 8H, Ar-
Hs), 6.87-6.60 (m, 12H, Ar~Hs), 5.50 (m, IH),
4.21-3.86 (overlapping qs), 3.65-3.40 (m), 3.25 (b
d), 2.90 (s, IH), 2.53 (m, 2H), l.50 (m, 2H), 1.18
and l.16 (ts), 1.08 (m), 0.86 and 0.73 (ts); MS: rnIz
590 (5%, M+-74), 568, 523, 510, 497, 496, 482,
481, 467, 466, 465, 454, 453, 447, 446, 438, 437
379 (92), 436, 435, 420, 419, 410, 409, 407, 393,
391, 380, 378, 377, 376, 365, 364, 363, 350, 339,
331,317,315,313,302,300,289,279,265,260,
252, 239, 233, 223, 215, 209, 195, 188, 183, 182,
175, 167, 150, 149, 141, 122, 115, 113, 112, 111,
106, 105,(100), 101,99,97,95,91, 85, 84, 83, 81,
78, 77, 73, 71, 70, 69, 67, 65, 59, 58, 57 (91), 56,
55.
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